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A  STUDY  OF  EXPERIMENTAL  REDUCTION  OF 
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The following experiments in reduction of kidney tissue in dogs 
were undertaken in  order that  one of the writers might study the 
influence of  such  reduction  on  nitrogenous  metabolism  2 and  also 
for  the  purpose  of  determining the  effect  of  this  procedure  on 
the  remaining  kidney  tissue  and  upon  the  general  condition  of 
the  animal. 
The scanty literature of the subject may be briefly reviewed as 
follows : 
The  most  extensive  series  of  kidney  reduction  is  that  of  Bradford.*  The 
operative  procedure  of  this  investigator  was  to  remove  from  the  middle  of  the 
kidney,  entering  the  pelvis,  a  wedge-shaped  mass  of  kidney  substance.  This 
mass  was  equal to  one quarter  to one half of the entire kidney.  After a  variable 
period  of  time  the  entire  opposite  kidney  was  removed.  Ii1  some  instances  a 
wedge  was  taken  from  each  kidney  and  later  the  remaining  tissue  still  further 
reduced.  Of  a  total  of  thirty-three  dogs,  four  died  after  the  first  operation  and 
six  at  or  shortly  after  the  second  operation.  Of  the  twenty-three  surviving the 
second  operation,  eight  lived  a  considerable  period  of  time  and  were  killed  in 
good  health.  The  effect on  the kidney of  the  first  operation  was  usually atrophy 
of the organ.  This  occurred also if both  kidneys  were operated  upon.  After the 
second operation  no serious  disturbance  of health occurred but  a  variable amount 
of  wasting,  usually  transitory,  was  the  rule. 
If  two  thirds  of  the  kidney  was  removed  death  usually  followed  while  the 
loss  of  three  quarters  rendered  survival  impossible,  death  occurring  usually  in 
one  to  six  weeks,  from  asthenia  and  great  wasting. 
Bradford  found  that  two  grams  of  kidney  tissue  per  kilo  of  body  weight 
was  sufficient  for  maintenance  of  life  (normal  ratio  6-7  grams).  Tuffier* gives 
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1.5  grams,  Paoli  ~ states  that  one  half  a  kidney is  necessary.  The  latter  found 
the operation to be  followed frequently by hypertrophy of  the glandular epithe- 
lium,  dilatation of  the  vessel  and  a  new  formation  of  glomeruli  and  tubules. 
Tuffier's operation differed from Bradford in that he removed one entire kidney 
first and later a  portion of the other.  As a  result of ten experiments he  found 
no  permanent  disturbance  of  the  urine  and  no  effect  on  the  development  of 
growing  animals. 
Von  I-Iaberer's  e experiments  on  three  goats  and  38  dogs  are  most  unsatis- 
factory because  many  of  his  animals  died  of  pneumonia.  He  practiced very 
extensive  resections  within  very  short  periods  of  time  and  showed  that  it  is 
possible for  a  dog to  survive the  removal of  one kidney and  one  third  of  the 
other at a  single operation or one and a  half  at two  operations within  a  week. 
The  mortality was very high. 
Passler  and  Heineke  ~  in  their  work  on  experimental  heart  hypertrophy, 
practiced extensive kidney reduction.  They  followed Bradford's method, allow- 
ing an interval of  four weeks between the first and second operation; in  5 dogs 
cachexia  and  death  followed.  In  eighteen  surviving  the  second  operation,  at 
intervals  varying  from  a  few  days  to  eleven  months,  a  third,  fourth,  fifth  or 
sixth  operation  was  done,  at  each "a  small  portion  of  kidney  substance  being 
removed.  All finally died, from  operations, accident or cachexia.  As  their  in- 
terest was  chiefly in heart hypertrophy, the details of the effect of reduction on 
the kidney tissue remaining are not given. 
Bainbridge and Beddard,  8 working with cats according to Bradford's method, 
reduced  the  kidney  substance  three  quarters.  This  caused  loss  of  appetite, 
wasting  and  death  in  a  few  days  or  weeks.  Descriptions of  the  effect  on  the 
remaining kidney tissue are not given. 
METHODS. 
AS  our  operative  procedure  differed  from  that  of  the  other 
investigators  it  is  here  given  in  detail.  If  only  one  kidney  was 
operated  upon,  it  was  exposed  through  a  so-called  "gridiron" 
incision  in  the  lumbar  region  by  separating  the  muscle  fibers  and 
not  cutting  them.  If  both  kidneys  were  exposed  at  one  opera- 
tion,  this  was  done  transperitoneally  through  a  median  abdominal 
incision,  In  the  first  few  experiments  the  pedicle  of  the  kidney 
was  compressed  by  an  assistant  while  the  upper  pole  was  excised 
Paoli, ]Della resezione del rene  Cent.  ~.  Chlrurgie,  1892, xix,  78. 
6V.  Haberer,  H., Experimentelle Untersu.chungen  fiber Nierenreduktion und 
Funktion des restierenden Parenchyms, Mitteflungen  a. d. Grenzgebieten  d. Med. 
u.  Chir.,  19o7, xvii, 57. 
~Passler  and  Heineke,  Versuche  zur  Pathologie  des  Morbus  Brightii, 
Verhandl.  d.  Deutsch.  path.  GeseUsch., 19o5, ix, 99. 
8Bainbridge,  F.  A.,  and  Beddard,  A.  P.,  The  Relation  of  the  Kidney  to 
Metabolism, Proc.  of  the  Royal 3oc.,  B,  19o7, Ixxix, 7S. and then the bleeding was controlled by matress  sutures of catgut 
and silk passing through the entire kidney substance and the upper 
portion  of  the pelvis.  Later  it  was  found  easier  to  place  catgut 
sutures  first  as  shown  in  Figs.  I  and  2,  tie  them and  excise  the 
upper pole, the operation usually being bloodless, and possible with- 
FIG.  2. 
out an assistant. 
FIG.  I. 
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FIG.  I.  Technique of resection of upper pole of the kidney. 
By means  of  a  straight needle with  a  dull point, three  interlacing mattress 
catgut  (No. 2  Cumal)  sutures  (I, 2 and 3)  are  first passed  through the kidney 
in  a  line  which  approximately  divides  the  kidney  in  half  (see  illustration). 
Care  must be  taken  to  avoid  injuring the  ureter  and  for  this  reason the  line 
of  sutures  is  taken  a  little  obliquely rather  than  straight  across  the  kidney. 
These  sutures  are  then  tied,  thus  completely shutting off  the  blood  supply to 
the upper pole.  The  upper pole  is cut off  from 2 to 4  ram.  beyond the sutures 
as indicated by the arrows. 
FIG. 2.  Immediate result of  resection of  upper pole  of  the kidney. 
The  dotted  line  indicates  the  original  outline  of  the  upper  pole.  After 
excising it,  the  base  of  the  upper  pole  flares  apart  and  the  segment  is  thus 
lower and  wider than before the  operation.  The  sutures  I,  2  and 3  have been 
tied,  thus  constricting the  upper  portion  of  the  remaining kidney  tissue  and 
by making the capsule more tense the part of the kidney, left behind, is a  trifle 
smaller than before the operation. 
This operative procedure we have considered preferable to  that 
of  Bradford  and  other  investigators  because  there  is  a  minimum 
disturbance  of  the  blood  supply  of  the  kidney  tissue  remaining. 748  Experimental  Reductio,n of Kidney  Tissue. 
The  infarcted tissue,  which  results  from the  injury,  and  must  be 
absorbed,  lies  at  one  pole  of  an  otherwise  intact  kidney while  in 
the experiments of Bradford and others,  it  is  centrally located and 
thus  possibly  disturbs  the  nutrition  of  the  entire  organ.  Our 
method furthermore permits  of  a  more accurate estimation of  the 
amount  of  kidney  reduction  in  that  the  degree  of  reduction  is 
represented  by  the  part  excised  plus  that  outside  of  and  that  in 
the immediate neighborhood of the sutures.  Histological examina- 
tions  of kidneys  from animals  dying shortly after  operation  have 
shown that the zone of necrosis rarely extends more than one half 
centimeter from the sutures  into the remaining kidney tissue.  By 
the  other method,  after  the  removal  of  a  wedge-shaped piece of 
tissue  from  the  midst  of  the  organ,  the  sutures  necessary to  ap- 
proximate the parts  remaining and to control Needing of necessity 
destroy a  mass of kidney tissue which in proportion to that excised 
must  be  much greater than  that  destroyed in  removing one  pole. 
By  our method a  portion  of the pelvis is  necessarily removed and 
there  is  some  danger  of  interfering with  the  flow  of  urine  into 
the ureter.  By proper care we have found that this can be avoided. 
Except  for  the  animals  used  for  the  metabolism  studies  above 
mentioned,  the  dogs  were  fed  on  dog  biscuits,  and  did  not  have 
any excercise other than that possible  in  fairly roomy cages.  The 
general  condition  of  the  animals  was  determined by  observations 
in  regard to appetite  and weight. 
All  material  obtained  at  operation  or  autopsy  was  preserved  in 
ten per cent. formalin.  No subdivisions of this material were made 
but large sections were obtained which represented the entire mass. 
By  this  method  it  was  possible  to  study  in  one  section,  cortex, 
•  pyramid,  pelvis  and  reparative  or  other  changes  in  the  field  of 
operation.  By  superimposing  these  large  sections  it  was  possible 
to compare directly the remaining kidney tissue with that  removed 
at  operation  and  also  to  make tracings  for  comparison  and  illus- 
trations. 
Our  experiments  are  sixteen  in  number,  of  which  two  (one 
death  from  anaesthesia  and  another  from  hemorrhage  shortly 
after  operation)  are  excluded.  The  remaining  fourteen  experi- 
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Group I.  Removal  of  Upper Pole  of  One Kidney. 
No.  I  (Dog 40). 
Operative Procedure.--Jan.  23,  'o8.  Under ether  narcosis,  the 
upper  pole  of  the  left  kidney  was  removed  as  shown  in  Figs.  I 
and 2.  The length of the left kidney was  5.6 cm. and the portion 
remaining outside  of  the  sutures  was  2. 7  cm.  _At  the  same  time 
the right kidney was exposed and measured. 
Termination.--Killed  on the 22nd day. 
General Effect.--Post-operative  history was  uneventful.  There 
was a  loss of weight from  11,o2o to 9,71o grams. 
Effect on Remaining Kidney Tissue.--Slight but definite atrophy. 
Healing is  perfect,  the renal  tissue,  compressed  by  the  sutures,  is 
replaced  by  fibrous  tissue  except  for  a  small  area  of  infarcted 
tissue corresponding to vessels showing obliterated endarteritis.  In 
the fibrous tissue adjacent to the pelvis there is a  small area of new 
bone  formation.  Otherwise  the  renal  tissue  is  normal.  The  op- 
posite kidney is  apparently unaffected by the operation. 
No.  2  (Dog 41). 
Operative Procedure.--Jan.  23,  'o8.  Under  ether  narcosis,  the 
upper pole of the left kidney was removed.  The length of the left 
kidney was 6  cm. and the portion  remaining outside of the sutures 
was  3  cm.  At  the  same  time  the  right  kidney  was  exposed  and 
measured. 
Termination.--Ki|led  on the 35th day. 
General Effeet.--Post-operative  history was  uneventful,  There 
was  a  loss  of weight  from  13,61o  to  lO,96o  grams.  Four  weeks 
after  the  operation  the  urine  contained  a  considerable  amount  of 
coagulable  protein  with  numerous  finely granular  and  fatty casts, 
pus and epithelial cells  (urine was not examined before operation). 
Effect on Remaining Kidney Tissue.--Very slight if any atrophy. 
Healing  is  perfect  except  for  a  few  areas  of  necrotic tissue  near 
the pelvis.  In the scar there is an area of calcified tubules.  Pelvic 
epithelium  is  greatly  thickened and  penetrates  the  underlying scar 
tissue,  forming alveolar masses  of  epithelial  cells.  Otherwise  the 
renal  tissue  is  normal.  Opposite  kidney  is  apparently  unaffected 
by the  operation. 750  Ezperimenta~ tteduetio~  of Kidney Tissue. 
No.  3  (Dog  3I). 
Operative Procedure.--Dec.  31, 'o  7.  Under ether narcosis, the 
upper pole of  the right kidney was  removed.  The length of  the 
right kidney was 6.2 cm. and the portion remaining outside of the 
sutures  was  3.5  cm.  At  the  same  time  the  right  kidney  was 
measured. 
Termination.--Killed on the 48th day. 
General Effect.--Post-operative history was  uneventful.  There 
was a  loss of weight from  lO,62o to 9,650 grams.  Urine, on the 
FIG. 3.  Tracings  of  sagittal  sections  of  portions  of  a  kidney,  one  portion 
removed at operation and the other at autopsy on the thirty-fifth day. 
The  upper  pole  was  removed  at  operation  as  indicated  in  Figs.  I  and  2 
and  shows  the  characteristic  flaring  apart  of  the  segment  removed.  The 
lower  portion  was  removed  at  autopsy  and  has  apparently atrophied  but,  by 
comparing it with a  similar tracing of  the  opposite  kidney and even from the 
measurements taken at  the  close  of  the  operation  (see  Figs.  2),  there  is  very 
little if  any atrophy  except  in the tissue destroyed by the  sutures and replaced 
by scar tissue.  For description of microscopical  findings see Experiment No. 2. 
fourth day, was normal but at the time of autopsy contained coagu- 
able protein and pus cells, but no casts. 
Effect on Retnaining Kidney Tissue.--Very slight if any atrophy 
exists.  Healing is perfect.  There is dilatation of the pelvis of the 
kidney  with  a  chronic pyelitis  and  thickening of  the  epithelium, 
and extensive bone formation immediately beneath this epithelium. 
Calcified tubules are present in the scar tissue.  Otherwise the renal John A.  Sampson and Richard M.  Pearee.  751 
tissue shows atrophy of glomeruli with fibrous thickening of Bow- 
man's  capsule and  extensive round  cell  infiltration of both  cortex 
and pyramid.  The tubules in places are dilated and in other places 
compressed.  The portion of kidney removed at operation and the 
opposite  kidney  shows  a  spontaneous  chronic  nephritis  but  less 
marked than  that  just  described. 
Group H.  Removal of  Upper Pole of Each Kidney at  One 
Operation. 
No.  4  (Dog 65). 
Operative  Procedure.--March  7,  'o8.  Under  ether  narcosis. 
the  upper  pole of  each  kidney was  removed.  The  length of  the 
right  kidney  was  4.5  cm.  and  the  portio~l  remaining  outside  of 
the  sutures  was  2. 3  cm.  The  length of  the  left  kidney was  4.4 
cm. and the portion remaining outside of the sutures was  2.6  cm. 
Termination.--Died on 3oth day. 
General Effect.--Post-operative history ,was  uneventful until the 
last week, when the animal refused  food, lost weight rapidly and 
died on the 3oth day. 
Effect on Remaining Kidney Tissue.--No change in the size of 
the portion of  the right  kidney  remaining.  Healing  was  perfect 
except for a  small area of necrosis along the line of suture, thick- 
ening of epithelium of pelvis and  isolated masses of proliferating 
epithelium in the scar tissue.  Otherwise the remaining renal tissue 
is normal. 
The pelvis of the left kidney is filled with calculi, one occluding 
the lumen of the ureter.  Associated with  this  there is  an  ulcera- 
tive pyelitis with abscesses involving the pelvic fat and lower por- 
tion  of  the pyramid.  Where  pelvic epithelium is  intact  it  shows 
hyperplasia.  There is  no definite atrophy of cortex and pyramid. 
No.  5  (Dog  66). 
Operative Procedure.--March 7, 'o8.  Under ether narcosis, the 
upper pole of each kidney was  removed.  The length of the right 
kidney was 4.9  cm.  and the portion remaining outside of  the su- 
tures was  3  cm.  The length of the left kidney was 4.8  cm.  and 
the portion rerriaining outside of the sutures was 2.6  cm. 752  Experimental  Reductian  af Kidney Tissue. 
Termination.--Killed on the 55th day. 
General Effect.--Post-operative history was  uneventful.  There 
was a  loss of weight from 4,620 to 4,340 grams. 
Effect on Remaining Kidney Tissue.--There is no change in the 
size of the portion of the right kidney remaining.  Healing is per- 
fect.  There is moderate thickening of the epithelium of the pelvis. 
Renal tissue is normal. 
There is no change in the size of the portion of the left kidney 
remaining, and it is similar to the right kidney. 
No.  6  (Dog  I). 
Operative Procedure.--May 23,  'o7.  Under ether narcosis  the 
upper  pole  of  each  kidney  was  removed.  The  length  of  each 
kidney was  6  cm.  and  the  portion  remaining outside  of  the  su- 
tures was 3  cm.  Weight of portion of right kidney removed was 
IO grams and of left  ii  grams. 
Termination.--Died  on  I64th day,  from general peritonitis, the 
fifth  day  after  the  removal  of  the  remaining portion  of  the  left 
kidney when the peritoneal cavity was opened and soiled with  in- 
fected urine. 
General  Effect.--Post-operative  history  was  uneventful.  The 
dog was in the country during the summer and became pregnant. 
The weight at  the time of  the first operation was  I3,I8O  grams; 
at  the second operation  (pregnant)  I6,OLO grams and after  death 
with  the uterus  empty  (aborted just before  death)  it  was  I2,IIO 
grams. 
Effect on Remaining Kidney  Tissue.--Left  kidney weighed  18 
grams, length 4.8 cm., an increase of  1.8  cm.  There was a  small 
calculus  in  the  pelvis  about  a  silk  suture.  Healing  is  perfect, 
kidney has  assumed its normal shape and except for the presence 
of a silk suture it would be difficult to distinguish it from a normal 
kidney.  Microscopically there is  evidence of  pyelitis. 
Right kidney weighed 28 grams,  length 5.1  cm., an  increase of 
2.1  cm.  above the portion remaining beyond the sutures at  opera- 
tion.  Healing  is  perfect,  microscopically renal  tissue  is  normal. 
There is  bone formation beneath the epithelium of the pelvis. John A.  Sampson and Richard M.  Pearce.  753 
Group IIL  Removal of One Kidney and Upper Pole of the Other 
at One Operation. 
No.  7  (Dog  35). 
Operative  Procedure.--Jan.  23,  'o8.  Under ether narcosis  the 
right  kidney was  removed and  the  upper  pole  of  the  left.  The 
length of the left kidney was 6 cm. and the portion remaining out- 
side of the sutures was 3.2  cm. 
Termination.--Killed on the 6th day  (dying). 
General Effect.--There was persistent vomiting after operation 
with gradual loss  of strength, and  failure to  eat;  a  small amount 
of urine was passed daily. 
Effect on Remaining Kidney Tissue.--There is no change in the 
size of the portion  of the kidney remaining.  Extensive areas  of 
infarction  about  the  sutures  are  present  with  widespread  calci- 
fication of the tubules.  Infarcted area is  1. 5 cm. wide, the line of 
sutures being in the middle of this area.  Abscess formation present 
about sutures. 
No.  8  (Dog  69). 
Operative  Proeedure.--April  6,  'o8.  Under ether narcosis the 
right  kidney was  removed and  the  upper  pole  of  the  left.  The 
length of the left kidney was  5-7  cm.  and  the  portion  remaining 
outside of the sutures was 3.5 cm. 
Termination.~Killed on the 7th day  (dying).  Cause of death 
not apparent. 
General  Effect.--Refused  food  and  vomited  persistently until 
killed on the 7th day.  There was a  loss  of weight from 9,71o to 
9,620  grams.  Urine was voided after operation but  was not  ex- 
amined. 
Effect on Remaining Kidney Tissue.--There is no change in the 
size  of the  portion  of the  kidney tissue  remaining.  The area of 
infarction  and  hemorrhage is  1. 7  cm.  broad,  the  line  of  sutures 
being in  the  middle of  this  area.  Very slight  leucocytic infiltra- 
tion  about  the  sutures is  present.  There is  marked proliferation 
of the pelvic epithelium. 
No.  9  (Dog 24). 
Operative  Procedure.--Dec.  9,  'o7.  Under  ether  narcosis  the 754  Experimental  Reductio~ of Kidney  Tissue. 
right  kidney  was  removed  and  the  upper  pole  of  the  left.  The 
length  of  the  left  kidney  was  6. 3  cm.  and  the  portion  remaining 
outside of the  sutures  was 3.5  cm. 
Termination.--Died on  the  Ioth  day. 
General Effect.--Ate poorly, lost  5oo grams in the first five days 
after  the  operation,  hematuria. 
Effect on Remaining Kidney Tissue.--There is no change  in the 
size  of  the  remaining  portion  of  the  left kidney.  Infarcated  area 
varies  from  I  to  I. 3  cm.,  the  sutures  being  nearly  at  the  junction 
of the normal and necrotic tissue.  Otherwise the kidney is normal. 
No.  IO  (Dog  21). 
Operative  Procedure.--Dec.  3,  'o7.  Under  ether  narcosis  the 
right  kidney  was  removed  and  the  upper  pole  of  the  left.  The 
length  of  the  left  was  5.2  cm.  and  the  portion  remaining  outside 
of the sutures was less than  half  the  original  length  of the  kidney. 
Termination.--Killed on  the  35th  day. 
General Effect.--Post-operative history  was  uneventful.  There 
was  a  loss  of  weight  from  8,41o  to  8,050  grams.  Slight  albumi- 
nuria  and  pyuria. 
Effect of Remaining Kidney Tissue.--There is no change  in the 
size  of  the  portion  of  the  kidney  tissue  remaining.  Healing  is 
perfect;  a  few  calcified  tubules  are  present  in  the  scar  tissue. 
Otherwise  kidney  tissue  is  normal. 
No.  I I  (Dog 72). 
Operative Procedure.--March 2I,  'o8.  Under ether narcosis the 
right  kidney  was  removed  and  the  upper  pole  of  the  left.  The 
length  of the  left kidney was 6  cm.  and  the  portion  outside of the 
sutures  was  3.2  cm. 
Termination.--Killed on the 4Ist day. 
General Effect.--Post-operative history  was uneventful.  There 
was a loss of weight from 15,o6o to I2,34o grams.  Urine obtained 
from  bladder at autopsy was normal. 
Effect on Remaining Kidney Tissue.--There is no  change in  the 
size of the portion of the kidney tissue remaining.  Healing is per- 
fect;  there  are  a  few calcified tubules  in  the  scar tissue.  As  com- 
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there is no change in the renal tissue.  Each show a chronic process 
characterized  by  round  cell  infiltration. 
No.  12  (Dog 71). 
Operative Procedure.--March  2I, 'o8.  Under ether narcosis, the 
right  kidney was  removed  and  the  upper  pole  of  the  left.  The 
length  of  the  left kidney was  5.4  cm.  and  the  portion  remaining 
outside of the sutures was 3  cm. 
FIG. 4. Tracings of  sag~ttal sections of  portions of  a  kidney, one  portion 
removed at operation and the other at autopsy on the forty-first day. 
For description of gross appearance see Fig. 3 and for description of micro- 
scopical findings see Experiment No.  i I. 
Termination.--Killed  on the 57th day. 
General Effect.--Post-operative  history was  uneventful.  There 
was a  loss  of weight  from 8,OLO to  6,060  grams. 
Effect  of Remaining Kidney Tissue.--There is no change in the 
size of the portion of the kidney tissue remaining.  Healing is per- 
fect, there are a few calcified tubules in the scar tissue, as in No.  I I. 
Group IV.  Reduction  of Kidney Tissue by Multiple  Operations. 
No.  13  (Dog 4). 
Operative Procedure.--Oct.  24,  'o8.  Under  ether  narcosis  the 
upper  pole  (over ½ approximately *~)  of  the  right kidney was  re- 
moved.  Nov.  8,  'o8.  The  upper  pole  of  the  left was  removed. 756  Experimental  Reductio~  af Kidney  Tissue. 
The length of the left kidney was 6. 5 cm. and the portion remain- 
ing outside of the sutures was 3 cm.  Dec.  II, 'o8.  The remainder 
of the left kidney was removed. 
Termination.--Died  four  hours  after  the  last  operation  from 
cedema of the lungs. 
General Effect.--Post-operative  history was uneventful.  There 
was a  loss of weight from 13,826 to  12,25o grams and there were 
periodic albuminuria and pus cells. 
Effect  on  Remaining  Kidney  Tissue.--There  is  slight  if  any 
atrophy of remaining portion of right kidney.  Healing is perfect. 
A_ cheesy material containing calculi is present in  the pelvis; bone 
formation  in  scar  tissue  beneath  the  pelvic  epithelium;  marked 
hyperplasia  of  pelvic epithelium.  Kidney tissue  is  normal  except 
for areas  of round cell infiltration, also present in portion excised 
at first operation. 
No change in the size of the remaining portion of the left kidney. 
Healing is perfect with extensive bone formation beneath the pelvic 
epithelium.  In the pelvic fat there is a  small abscess about one of 
the sutures.  Otherwise tissue is as in the opposite kidney. 
No.  14  (Dog  13). 
Operative  Procedure.--Nov.  2,  'o  7.  Under  ether  narcosis  the 
upper pole of the left kidney  (weight  14. 5  grams)  was  removed. 
The length of the left kidney was 6.2 cm. and the portion remain- 
ing outside of the sutures was 2. 7  cm.  Nov.  13,  'o  7.  The right 
kidney was removed (weight 42 grams).  Dec. 9, 'o7.  A  segment 
I  cm. thick was removed (weight 8 grams)  from the lower pole of 
the remaining portion of the left kidney. 
Termination.--Died  I I  days after the last operation. 
General Effect.--Good  recovery from each operation except the 
last.  More or less  vomiting after  the last  operation, albuminuria 
one half to two per cent., abundant casts; voided urine until death 
and  averaged  18o  c.c.  for the last  three  days.  There  was  a  loss 
of weight from 15,84o to  IO,OOO grams. 
Effect  on Remaining  Kidney  Tissue.raThe  portion  of  the  left 
kidney  found at  autopsy showed distinct atrophy and weighed  I I 
grams.  Based on the weight of the normal right kidney this repre- John  A.  Sampson  and  Richard  M.  Pearce.  757 
sents  I4 per cent.  of the original kidney tissue.  Healing  from the 
first  operation  is  perfect  and  site  of  second  operation  is  occupied 
by  a  mass  of  necrotic  tissue  extending  into  the  pelvis  and  sur- 
rounded by purulent fluid.  Microscopically there is  evidence of an 
acute  ulcerative  pyelitis  with  slight  pyelonephritis  and  extensive 
cast  formation  in  the  tubules. 
Fie. 5. 
Otherwise  kidney tissue  is  normal. 
......  \ 
FIG.  6. 
Fro. 5. Tracing  of  sagittal  section  of  portion  of  the  right  kidney  remain- 
ing,  I64 days after removal of the upper pole. 
The upper pole was removed as indicated in Figs.  I  and 2. 
The portion remaining  shows  distinct  hypertrophy and the thickening  of the 
cortex is most evident near the field of the operation.  See Experiment No. 6. 
Fro.  6.  Tracing of  sagittal  section  of  the  portion  of  the  left kidney  re- 
maining,  I59 days after removal of the upper pole. 
The  upper  pole  was  removed  as  indicated  in  Figs.  I  and  2. 
This is  from the same  dog as the kidney  shown  in  Fig.  5,  the hypertrophy 
is not as marked as  in the other kidney but the thickening  of the cortex near 
the  field of operation  is  more marked and  the  kidney  has  almost  resumed  its 
normal  contour.  A  calculus  about a  silk  suture is present  in the upper  portion 
of the pelvis. 
GENERAL  SUMMARY. 
The  immediate  effect  of  the  operation  on  the  portion  of  the 
kidney remaining is  an infarcation of the tissue  compressed by the 
sutures.  This  area  of  necrosis  extends  but  a  short  distance  into 
the  adjacent  kidney  tissue.  The  infarcated  tissue  gradually  be- 
comes  replaced  by  fibrous  tissue  and  in  three  to  four weeks'  time 
the necrotic tissue  entirely disappears.  The amount  of  fibrous tis- 
sue  in  time becomes so  slight  and  the healing  so perfect that  it  is 
difficult  to  detect  the  site  of  the  operation.  The  renal  elements 
sometimes  persist  in  the  infarcated  area  and  the  glomeruli  ap- 758  Experimental  Reductian  of Kid~ey  Tissue. 
parently are more  resistant  than  the  tubules.  The  tubules  in  the 
infarcated area sometimes become calcified and bone  formation be- 
neath  the epithelium of the pelvis  is  of very frequent occurrence. 
The pelvic epithelium usually shows marked proliferation and may 
invade the field of operation in alveolar masses.  Calculi may form 
in the pelvis of the kidney.  Sutures penetrating the pelvis as well 
as the necrotic tissue resulting from the compression of the sutures 
probably furnish the nuclei for the calculi. 
Removal  of  approximately  half  of  one  kidney  did  not  alter 
either  the  remaining  portion  of  that  kidney  or  the  size  of  the 
opposite  kidney in  two animals of this  series.  These experiments 
were terminated on the thirty-fourth and forty-seventh days.  In a 
similar  experiment of  twenty-one days'  duration  there was  slight 
but definite atrophy of the remaining tissue of the kidney operated 
upon. 
Removal of approximately half of each kidney at one operation 
did  not  alter  the  remaining  kidney  tissue  in  two  animals  of  the 
second  group.  The  longest  period  of  observtaion  was  fifty-four 
days.  On the other hand in a  similar experiment where 164  days 
elapsed,  the  remaining  portions  of  each  kidney  had  increased 
markedly in size. 
Removal of one kidney and approximately half of the other did 
not alter the remaining kidney tissue in six animals in which from 
five to fifty-six days elapsed before termination of the experiment. 
In  six  experiments in  which  one kidney was  removed and  ap- 
proximately  half  of  the  other,  three  of  the  animals  died  as  a 
result of the operation on the sixth,  seventh and tenth days.  The 
probable cause of death was renal insufficiency; the animals refused 
food, vomited persistently and lost strength and weight.  The other 
three  animals  recovered and  were killed  at  periods  varying  from 
five  to  eight  weeks.  The  reduction  of  the  kidney  tissue  to  one 
quarter of its  original  amount at  one operation  was  attained  with 
danger but was not necessarily fatal. 
In  every experiment there was  a  loss  of  weight  varying  from 
four to twenty-four per cent.  To what extent this loss in  weight 
is  due to the reduction of kidney substance  and  to  what extent it 
is due to diet and confinement it is impossible to say, as we made no 
control experiments to  elucidate these points. 